about the efficacy of OT was expected to be sparse, study designs other than controlled clinical trials were also included in this systematic review. As will be explained below, uncontrolled studies could only restrictedly contribute to the best evidence syntheses (indicative findings; see Data Analysis). Studies with the following designs were included: 1) RTCs. Experiments in which investigators randomly allocate eligible subjects into treatment and control groups. Crossover trials were considered as RCTs, according to the Cochrane Collaboration guidelines (6); 2) CCTs. Experiments in which eligible subjects are allocated in a nonrandomized manner to the treatment and the control groups; 3) ODs. Patient series, pre-post studies, as well as studies comparing interventions on different hands of the same person. Only full-length articles or full written reports were considered for inclusion in the review.
Studies of patients with a diagnosis of rheumatoid arthritis were included. Occupational therapy interventions were either regarded as comprehensive OTs (combination of all interventions) or were classified into 6 specific intervention categories as follows: 1) training of motor function, 2) training of skills, 3) instruction on joint protection, 4) counseling, 5) advice and instruction in using assistive devices, and 6) provision of splints. Studies focusing on a contrast between the experimental and control groups consisting of a multidisciplinary intervention (with OT as part of it) were excluded.
The outcome measures pain, fatigue, functional ability (including dexterity), and social participation were included. Occupational therapy also focuses on measures considered to be mediators of a favorable outcome, such as knowledge about disease management, compliance, selfefficacy, grip strength, and range of motion. These process measures are considered to be indicators of a successful treatment and are therefore also covered in this review. As will be explained below, process measures could only restrictedly contribute to the best evidence syntheses (indicative findings; see Data Analysis). Studies with one or more of the specified outcome or process measures were included.
Procedure for inclusion. The procedure for inclusion of the studies was based on the recommendations described by Van Tulder et al (7) . The first selection, based on titles and abstracts, was independently performed by 2 reviewers (EMJS and CHME), who considered the criteria for type of study, type of participants, and type of outcome measures. This first selection resulted in inclusion of the study, exclusion of the study, or was considered indecisive. The second step for inclusion was done independently by 2 reviewers (EMJS and CHME), using full reports of all included and indecisive studies and considering all the criteria described above. Disagreements regarding inclusion status were resolved by discussion. If no consensus was met, a third reviewer (MAHK) decided. Finally, a group of 4 occupational therapists and reviewer CHME assessed the criteria for type of intervention and, if appropriate, classified the type of intervention into comprehensive OT or one of the 6 different interventions. Consensus was reached by discussion.
Methodologic quality. The methodologic quality of RCTs and CCTs was rated using a list recommended by Van Tulder et al (7) . The list, containing specified criteria proposed by Jadad et al (8) and Verhagen et al (9) , consists of 11 criteria for internal validity, 6 descriptive criteria, and 2 statistical criteria (Appendix 1). One modification was made in the specification of the eligibility criterion: the condition of interest (impairment or disability that indicated referral to OT) was added as an eligibility criterion, as proposed by Wells et al (10) . All criteria were scored as yes, no, or unclear. Studies were considered to be of high quality if at least 6 criteria for internal validity, 3 descriptive criteria, and 1 statistical criterion were scored positively.
The methodologic quality of the other designs has been rated using an adapted version of the list described by Van Tulder et al (Appendix 1). Some items (concerning randomization, similarity of patient groups, blinding of care provider, blinding of patient) were considered inapplicable to ODs and were removed from the list. Some items were reformulated to make them applicable to one patient group (e.g., the item "Were co-interventions avoided or comparable?" was reformulated into "Were co-interventions avoided?") or to make the item applicable to the design of the study (e.g., the item "Was the outcome assessor blinded to the intervention" was reformulated into "Was the care provider not involved in the outcome assessment?"). The final list of criteria used in ODs consists of 7 criteria for internal validity, 4 descriptive criteria, and 2 statistical criteria (Appendix 1). All criteria were scored as yes, no, or unclear. Studies were considered to be of sufficient quality if at least 4 of 7 criteria for internal validity, 2 descriptive criteria, and 1 statistical criterion were scored positively.
The methodologic quality of the included trials was independently assessed by 2 reviewers (EMJS, MAHK). Disagreements were resolved by discussion. If no consensus was met, a third reviewer (CHME) decided.
Data analysis.
A predefined data extraction form, with study characteristics, patient characteristics, and baseline, posttest, and followup data of outcome and process measures, was used. For continuous variables, the standardized mean difference (Hedges' g) was calculated, if possible (11) . For dichotomous variables, odds ratios with corresponding 95% confidence intervals were computed.
Analysis of the results was performed separately for each intervention category. For crossover trials without a washout period between interventions, data were not further analyzed. If studies compared the effect of 3 or more intervention groups with each other, 2 reviewers (EMJS, CHME) decided by consensus which 2 groups had the largest contrast, making comparison between 2 groups possible. A contrast between the OT intervention group and a nontreated control group was preferred. If 2 interventions were compared, the predominant contrast was the OT provided.
In advance, we expected to find too much diversity among the studies with regard to patients (severity of the disease), interventions (duration, frequency, and setting), Occupational Therapy for RAand outcome measures (diversity, presentation of results) to make quantitative analysis (meta-analysis) appropriate. Therefore, we formulated a best evidence synthesis by attributing various levels of evidence to the effectiveness of OT, taking into account the design of the studies, the methodologic quality, the type of outcome measures, and the statistical significance of findings. The best evidence synthesis (Table 1 ) was based upon the one proposed by Van Tulder et al (12) and was adapted for the purpose of this review.
Only results of studies contributing to the outcome of the best evidence synthesis (e.g., RCTs with a high methodologic quality, low quality RCTs with significant findings, high quality CCTs with significant findings, and high quality ODs with significant findings) are presented. Characteristics and comprehensive results of all included studies on outcome and process measures are on request available from the corresponding author.
Three sensitivity analyses were performed: 1) excluding low quality studies, 2) considering studies to be of high quality if 4 or more criteria of internal validity were met, and 3) excluding studies that did not use the American College of Rheumatology criteria for the diagnosis of RA (13) .
Results
Selection of studies. The search strategy resulted in a list of 2,137 citations. After selection by title and abstract, 149 full articles were obtained. Fifty-seven publications concerned the effectiveness of occupational therapy for RA. Of these, 42 articles, presenting 37 studies (15 RCTs, 6 CCTs, 16 ODs), fulfilled all inclusion criteria. Data from 4 studies were presented in more than one article (14 -23) . One publication (24) presented 2 studies. Fifteen studies (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) were excluded for the following reasons: because treatment contrast was a multidisciplinary intervention, because patients other than those with rheumatic diseases participated in the study, or because outcome measures were beyond the scope of our review (Appendix 2).
Methodologic quality. The methodologic quality of 21
RCTs/CCTs and in 16 ODs was assessed ( Table 2) . Five RCTs (40 -44) had high methodologic quality, and all CCTs had low quality. In particular, the following criteria were fulfilled in fewer than one-third of the RCTs/CCTs: adequate allocation concealment, blinded care provider, blinding of patients, information on co-interventions, blinded outcome assessor, intention to treat analysis, and long-term followup. Given the methodologic constraints of other designs, 9 ODs (45-53) had sufficient methodologic quality. The following criteria were fulfilled in one-third or fewer of the ODs: outcome assessor not involved in treatment and long-term followup.
Outcome of interventions.
Comprehensive occupational therapy. Four studies on the effectiveness of comprehensive OT were identified (Table 3) : 3 RCTs (14, 41, 54) and one OD (55) . One of the RCTs (41) had high methodologic quality. The results on outcome measures are shown in Table 4 . In the high quality RCT, Helewa et al (41) reported a significant positive effect of comprehensive OT on functional ability. The process measure "knowledge" was assessed in one study (54) , in which no difference in gain in knowledge between the intervention and the control groups was reported. Thus, on the basis of one RCT (41), there is limited evidence for the effectiveness of comprehensive OT on functional ability (Table 5) .
Training of motor functions. Seven studies (6 RCTs/ CCTs [16,42,56 -59] and one OD [60] ) focused on the intervention "training of motor function" (Table 3 ). Interventions varied from group instruction on expressive dance (16), use of a continuous passive motion machine after arthroplasty (58) , to hand exercises (42,56,57,59,60). The 674
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interventions on hand exercises varied widely with regard to type of exercises, type of device used, type of setting for therapy (at home without supervision or at an OT department with supervision), and duration of the intervention. One study (42) had high methodologic quality. The results on outcome measures are shown in Table 4 . The outcome measures "pain" and "functional ability" were assessed in two (42, 57) and three (42, 57, 60) studies, respectively. In the RCT with high methodologic quality (42) , no significant differences between groups with regard to pain and functional ability after training of hand function were reported.
All studies measured 1 or 2 of the following process measures: compliance (16, 59) , grip strength (42,56 -58,60) , and range of motion (16,42,56 -58,60) . In the high quality RCT (42) , no significant differences in grip strength between groups were found, whereas in the low quality RCT (56), significant changes in grip strength after training of hand function were reported. Thus, there is no evidence for the effectiveness of training of motor function on the outcome and process measures (Table 5) .
Instruction on joint protection and energy conservation. Four RCTs/CCTs (19, 24, 40) and four ODs (45) (46) (47) (48) (Table 3) were identified for the intervention "instruction on joint protection and energy conservation." One of the RCTs (40) had high methodological quality.
The results on outcome measures are shown in Table 4 . Seven studies (19, 24, 40, 45, 47, 48 ) assessed functional ability. Hammond et al (40) reported significant improvement in functional ability. This finding was supported by Neuberger et al (24) , who reported significant improvement in their CCT. Four studies (19, 24, 40, 48 ) measured pain. Hammond et al (40) reported no significant differences between groups. (16) b1, l, n m1, m2 o low Stern et al (21) b1, g, j a, c, d, k, m1 o, q low Neuberger et al pilot (24) b1, j d, m1 o low Hammond et al (40) b1, g, i, j, n, p a, c, d, k, m1 o, q high Helewa et al (41) b1, e, f, i, j, l, n, p a, c, d, m1 o, q high Hoenig et al (42) b1, e, f, g, i, j, n c, d, k, m1 o high Ter Schegget and Knipping (43) b1, g, j, l, n, p d, k, m1 o, q high Tijhuis et al (44) b1, g, j, l, n, p a, c, d, k, m1 o, q high Mowat et al (54) b1, f, i, j, l, n, a, c, d, m1, m2 low Brighton et al (56) b1 Occupational Therapy for RA ‡ ARA functional classification. § Occupational therapy treatment-biomedical information, energy conservation, joint protection, use of devices and splints, exercise for hands.
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All but one of the 8 studies (47) measured one or more process measures. Of the 7 studies (19, 24, 40, 45, 46, 48) that assessed knowledge, 2 RCTs/CCTs (24, 40 ) demonstrated a significant increase in knowledge after patients received instruction on joint protection. All ODs with sufficient methodologic quality (45, 46, 48) supported these findings. Thus, on the basis of the results of one high quality RCT (40) , there is limited evidence that instruction on joint protection leads to an improvement of functional ability (Table 5) .
Assistive devices. One CCT (61) and one OD (51) were included for the intervention "advice/instruction in the use of assistive devices" (Table 3 ). Only the latter study had sufficient methodologic quality. (64) CCT 0 P ϭ 1.00 not measured * SMD ϭ standardized mean difference; 95% CI ϭ 95% confidence interval; OT ϭ occupational therapy; RCT ϭ randomized clinical trial; CCT ϭ controlled clinical trial; OD ϭ other design; ns ϭ no significant differences between groups; ne ϭ standardized mean difference (SMD) not estimable. † 1 ϭ high; 0 ϭ low. ‡ Calculation of standardized mean difference (Hedges' g) based on , P F, or t-value, a positive SMD (a SMD with a 0.95 Ci indicates a decrease in pain and an increase in functional ability; if more than two groups were evaluated, the two groups with the greatest contrast in intervention were compared. For further information about the methodologic quality see Table 1 . The results on outcome measures are shown in Table 4 . Nordenskiö ld (51) reported a significant decrease in pain when assistive devices were used while performing kitchen tasks. Thus, there is insufficient data to determine the effectiveness of advice/instruction in the use of assistive devices (Table 5) .
Splints. Sixteen studies (Table 3) focused on the intervention "provision of splints." Seven of these studies were RCTs/CCTs (21, 43, 44, (62) (63) (64) (65) , and 9 were ODs (49,50,52, 53,66 -70) . Within these 16 studies, six different types of splints were evaluated (working splint, resting splint, three types of antideformity splints, air-pressure splint). In 4 of the RCTs/CCTs (21,43,44,64), 2 splints were compared with each other. Three of the RCTs/CCTs (62,63,65) compared patients receiving splint treatment with a nontreated control group. Two of the RCTs (43,44) had high methodologic quality and 4 of the ODs (49,50,52,53) had sufficient methodologic quality.
The results on outcome measures are shown in Table 4 . Pain was assessed with regard to two aspects. The effect on pain immediately after provision of the splint was evaluated in three studies (50, 52, 53) . Nordenskiö ld (50) and Pagnotta et al (52) reported a significant decrease in pain when patients wore working splints. The effect on pain after splinting for a period of 1 week to 1.5 year was assessed in ten studies (21, 43, 44, 49, 63, 64, (67) (68) (69) (70) . Only the 2 studies that compared splinting with no treatment (49, 63) presented positive significant results.
Five studies (21, 43, 52, 53, 70 ) assessed measures of functional ability (dexterity). In one of these studies, a low quality RCT (21), a significant decline in dexterity after 1 week of wearing a working splint was reported.
Fifteen studies measured one or more process measures. Compliance with splinting was assessed by 5 studies (63, 64, 66, 67, 70) , all of which had a low methodological quality. In one RCT (64), positive significant results on compliance were reported.
Grip strength was assessed with regard to 2 aspects. The effect on grip strength immediately after provision of the splint was evaluated in 6 studies (21, 43, 44, 50, 53, 62) . In two high quality studies (50, 53) it was reported that patients had an increase in grip strength while wearing a splint. The effect of splinting on grip strength after a period of time was measured in four RCTs/CCTs (21, 43, 44, 63) . The 2 high quality RCTs (43, 44) found no significant differences between groups. Four studies (43, 44, 65, 67) measured range of motion, and in the 2 high quality RCTs (43, 44) , no significant differences between groups was reported. One low quality RCT (65) demonstrated significant improvement after patients wore an anti-boutonniere splint for 6 weeks.
Thus, there are indicative findings that splints are effective in reducing pain both immediately after provision of the splint and after splinting over a period of time (Table  5) . Also, there are indicative findings that splinting has a negative effect on dexterity (Table 5) . Furthermore, indicative findings for a gain in grip strength immediately after provision of the splint have been reported.
Training of skills, counseling. No studies concerning the interventions "training of skills" and "counseling" were identified.
Sensitivity analyses. Three sensitivity analyses were performed to determine the robustness of the outcome of the best evidence syntheses (Table 5) .
Considering only studies that scored a high or sufficient methodologic quality, the outcome of the best evidence syntheses for all interventions (except provision of splints) is the same as the results presented. Within the category "provision of splints," only the indicative findings for evidence of splinting on the immediate decrease in pain will hold.
Analyzing the results with incorporation of studies with a score of 4 items or more on the internal validity criteria, the outcome of the best evidence synthesis is, for all interventions except "comprehensive OT," the same as the results presented. Within the category "comprehensive OT," the results of three studies (14, 41, 54) instead of one contribute to the best evidence synthesis. Two studies (14, 54) found no significant results on functional abilities, whereas one (41) did. As a result, the findings of "limited evidence" changes to "indicative findings" for the evidence of effectiveness of OT on functional ability.
In 19 studies (14,19,21,40 -42,47-50,52,55,63,64,67-70) , investigators explicitly reported use of the ACR criteria for diagnosis of RA as inclusion criteria for the patients. Considering only those studies in the analysis, results are the same as the best evidence synthesis for all the interventions categories.
Discussion
In this review, the efficacy of several OT interventions for rheumatoid arthritis was explored. Seven different intervention categories were distinguished (comprehensive OT, training of motor function, training of skills, instruction on joint protection, counseling, advice/instruction in the use of assistive devices, and provision of splints). The outcome measures were pain, fatigue, functional ability, and social participation. Process measures such as knowledge about disease management, compliance, self-efficacy, grip strength, and range of motion were also taken into account. This systematic review established limited evidence for the effectiveness of 2 intervention categories on functional ability. Both comprehensive OT and instruction on joint protection resulted in an increase in functional ability. For the intervention "provision of splints," indicative findings for a decrease in pain were demonstrated. Indicative findings for a negative effect of splinting on dexterity were discovered, as were indicative findings for evidence that grip strength increases after provision of splints.
Randomized controlled trials, controlled clinical trials, and studies with other designs were included in this review. Sixteen ODs were identified. A distinction was made between ODs with sufficient methodological quality and those that lacked sufficient methodological quality. Because of the weakness of the internal validity of ODs, those with sufficient methodologic quality could demonstrate "indicative findings" only in the best evidence synthesis. Incorporation of the outcomes of ODs resulted in indicative findings for a decrease in pain immediately after provision of a splint. Within the other intervention categories, Overall, the methodologic quality of the studies was rather poor. Only 5 of the 15 RCTs had a high methodologic quality. No CCTs with a high methodologic quality were identified, and only one-half of the 16 ODs were considered of sufficient methodologic quality. Bias was possible, because most studies did not include information on blinding of patients, blinding of care providers, and blinding of outcome assessors. Because blinding of patients and care providers is rather difficult in allied health interventions, the blinding of the outcome assessor is of paramount importance to avert detection bias (71, 72) .
The nature of the OT interventions varied widely. Even within intervention categories, large differences in interventions with regard to type of treatment, duration, and setting precluded comparing results. Furthermore, poor data presentation impeded comparison of results among studies. Only five RCTs presented sufficient data to compute effect sizes. In future research, special attention should be given to the presentation of study results according to international standards (73) . Finally, outcome measures were very heterogeneous. For each outcome and process measure, several measurement instruments were used. To overcome this problem, international consensus about a core set of outcome measures for the outcome of occupational therapy for rheumatoid arthritis is needed. The first question to be addressed should be which outcomes are most important for OT. The second question concerns which outcome instruments are most reliable, valid, responsive, and easy to obtain.
The power of the studies included in this review was rather poor. To detect a medium effect size of 0.5 (with ␣ ϭ 0.05 and power at 80%), the sample size per group needs to be at least 50 (74) . Only 2 controlled studies had a sample size of Ն50 participants per group (41, 61) . The findings of this review could be an underestimation of the real evidence for the effectiveness of OT, due to the limited power of the studies. Conversely, the results of this review could also be an overestimation because of publication bias by unpublished small negative studies.
In future research, several items about the efficacy of occupational therapy should be considered. To improve the methodologic quality of studies, proper randomization procedures should be performed after baseline assessment, with special attention to the concealment of allocation. Another important issue is the blinding of the outcome assessor. Because blinding of patients and care providers is almost impossible in OT interventions, procedures to guarantee the blinding of the outcome assessors are needed to prevent bias. Statistically significant differences are more likely to occur in studies with sufficient power. This means that large groups of rather homogenous participants should be included in trials that compare the experimental intervention with no treatment or, if that is not possible, with a treatment with a clear contrast. Furthermore, outcome measures should be carefully chosen with regard to the aim of the intervention. Studies in which outcome measures that are relevant and responsive are applied are more likely to result in statistically significant differences between groups.
The inventory of studies in this review reveals important gaps in OT research. No studies were found for the category "training of skills," and only two studies were found for the intervention "instruction/advice assistive devices." This is remarkable, because "training of skills" and "instruction/advice assistive devices" are very common OT interventions (3). Another finding is the lack of data on the outcome measure "social participation." The ultimate goal of OT is to restore/maintain full participation in all social activities. Outcome measures should reflect this aim.
In conclusion, we found limited evidence for the effectiveness of occupational therapy for functional ability and pain in patients with RA. Studies that evaluated comprehensive OT and those that evaluated instruction on joint protection interventions showed limited evidence for the effectiveness of these interventions on functional ability. Studies that evaluated splint interventions reported indicative findings for the effectiveness in reducing pain. These results are encouraging in terms of occupational therapy being an important part of treatment for patients with rheumatoid arthritis. Also, this review revealed that important fields of occupational therapy, such as "training of skills" and "advice in the use of assistive devices," are underresearched and should get more attention. On the basis of this review, we suggest that further clinical trials for each category of intervention are necessary. In future studies, special attention should be given to the design of trials, the use of responsive, reliable, and valid outcome measures, inclusion of a sufficient number of patients to create statistical power, and presentation of trial results according to international standards.
